Alkali series and tholeiitic basalts from öjin, Nintoku, and Suiko Seamounts of the Emperor Seamount chain are very similar in their major and LIL (large-ion lithophile) trace-element chemistry to the alkaline and tholeiitic basalts erupted on the island of Hawaii. They are characterized by high total content of alkalis, high TiO 2 and "FeO" contents, low A1 2 O 3 contents, and low Mg/(Mg + Fe 2+ ) relative to mid-ocean ridge basalts (MORBs). LIL element abundances in one tholeiite from öjin Seamount are enriched by factors of 5 to 10 relative to MORBs. REE (rare-earth element) patterns in all the samples are highly fractionated; the heavy rare-earth elements (HREE) are depleted markedly. This is consistent with residual garnet in the source regions. LIL element variations among the seamount basalts suggest variable degrees of partial melting. Olivine fractionation, presumably in a shallow magma chamber, accounts for some of the intrasite major-element compositional variations. There are between the seamount basalts and those from the island of Hawaii no systematic differences that might be attributed to the temporal evolution of a single hot-spot source.
INTRODUCTION
Basalts frorn three seamounts in the Emperor Seamount chain (Ojin, Hole 430A; Nintoku, Hole 432A; Suiko, Holes 433A, 433B, 433C) were recovered by drilling during DSDP-IPOD Leg 55. The principal objective of Leg 55 geochemistry studies was to determine how the chemistry of basalts generated by one hot spot evolve with time. If the hot-spot hypothesis (see, for example, Jackson, 1977) is correct, basalts erupted along the Emperor-Hawaiian chain were generated at a single hot spot over a period of about 70 m.y.
For this preliminary report, we have analyzed selected alkalic and tholeiitic basalts from each of the three seamounts for the major elements, for rare earths, and for Cs, Ba, Pb, Th, U, Zr, Hf, Nb, Sn, and Mo. Comparison of the trace-element data for the various drill sites, and comparison of these data with data reported for Hawaiian basalts of comparable major-element chemistry, may allow us to evaluate the temporal evolution of the hot-spot process and the mechanisms of magma genesis and evolution.
Major-element abundances (Table 1) were determined by electron probe microanalysis of powders fused on an iridium strip furnace (Nicholls, 1974) . USGS standard basalts prepared and analyzed in the same manner were used to monitor the analyses. Analyses were obtained in real time on an automated 4-spectrometer ARL-EMX-SM electron microprobe. Data reduction procedures are those of Bence and Albee (1968) . Trace-element abundances (Tables 2 and 3 ) were determined at the Australian National University by spark source mass spectrometry, using the techniques of Taylor and Gorton (1976) .
RESULTS

Major-Element Chemistry
All the basalts studied for this report have major-, minor-, and trace-element chemistries similar to those of the alkalic series-tholeiitic basalt sequences erupted on the island of Hawaii. It is therefore useful to use the compositional fields defined by the Hawaiian basalts in discussions of the chemistries of the Ojin, Nintoku, and Suiko seamount basalts. In these discussions we have arbitrarily used the presence or absence of normative hypersthene as the criterion for calling a basalt alkalic or tholeiitic. In at least one instance, this results in classification of a basalt (Sample 432A-2-1, 86-96 cm) as a tholeiite, even though in all other respects it has transitional or alkaline affinities.
Hole 430A: Ojin Seamount
The upper three flows of Hole 430A are slightly nepheline-normative (columns 1, 2, and 3, One hypersthene-normative basalt was sampled below the alkali basalts on Ojin Seamount. This basalt (Sample 430A-6-4, 140-150 cm) plots in the tholeiite field of Hawaiian basalts ( Figure 5 ), and is similar to the hypersthene-normative basalts from Suiko Seamount. It falls along the tholeiite differentiation trend for Hawaiian basalts on an AFM diagram (Figure 2a ), but may be distinguished from Hawaiian tholeiites by its higher Three flow units from Nintoku Seamount were sampled. Two are nepheline-normative, and the third (Sample 432A-2-1, 86-96 cm) is slightly (1.6%) hypersthene-normative (Table 1 ). The alkalic basalts at Nintoku contain less SiO 2 and Na 2 O but more CaO than the Ojin alkalic basalts. This is reflected in higher normative anorthite and nepheline and lower normative albite values. Total normative plagioclase is comparable in the two suites.
The hypersthene-normative sample is distinguished from the alkali basalts only by its higher SiO 2 content. We suggest that it is an alkali basalt with slightly tholeiitic affinities. It plots in the alkali basalt field of Hawaiian basalts (Figure 1) , and also plots on the alkali basalt differentiation trend of Hawaii (Figure 2b ). Furthermore, its LIL trace-element abundances are similar to those of Hawaiian alkali basalts and to the alkaline basalts from Ojin and Suiko seamounts.
Holes 433B and 433C: Suiko Seamount
As on Ojin and Nintoku Seamounts, the upper flow units of Suiko Seamount are alkalic, and occasionally some of the deeper flows are also alkalic. The alkali basalts are similar to those from Hawaii, but contain lower concentrations of total alkalis, alumina, and silica and higherconcentrations of "FeO" than the alkali basalts from Ojin and Nintoku (Figure 1 ). They are nephelinenormative (3 to 4%) and follow the alkaline differentiation trend in Hawaiian basalts (Figure 2c ). The one alkali basalt that we analyzed from deep in the seamount (Sample 433C-31-1, 28-34 cm) is lower in total alkali concentration and higher in MgO concentration than the three alkali flows at the surface of the seamount.
The hypersthene-normative flows from Suiko Seamount are similar to Hawaiian tholeiites and to the one hypersthene-normative basalt from Ojin Seamount (Figure 1 ). These Suiko tholeiites fall on the Hawaiian tholeiite differentiation trend of Macdonald and Katsura (1964) (Figure 2c) , and suggest olivine fractionation as a means of deriving these basalts from the same or a similar parental magma. Macdonald and Katsura (1964) (Leeman et al., 1977; L. Haskin, personal communication) . These basalts have a distinctive flat light rare-earth (LREE) pattern with LREE abundance levels between 20 and 40 times chondritic abundances. The Ojin tholeiite is not quite as depleted in the light rare-earth elements (LREE) as the Mauna Loa summit basalts; but this difference does not appear to be significant. The REE patterns in both the Hawaiian and öjin tholeiites contrast markedly with typical midocean ridge basalts (MORBs), which characteristically are depleted in the LREE and have flat HREE at about Taylor and Gorton (1977) . Fields for Hawaii alkali series basalts (using data from Schilling and Winchester [1969] and Kay and Gast [1973] ) and for. average Mauna Loa and Kilauea summit tholeiites (after Leeman et al. [1977] ) are shown.
Sea Drilling Project (see, for example, Frey et al., 1974; Bence et al., 1975) . The three alkali basalts analyzed have REE patterns identical to tholeiite Sample 430A-6-4, 140-150 cm, and are comparable to those of the Hawaiian alkali series basalts (Schilling and Winchester, 1969; Kay and Gast, 1973 ; L. Haskin, personal communication; Figure 6 ). The striking similarity in REE patterns of the tholeiite and alkali basalts from Nintoku Seamount is unusual. The abundance differences (a factor of 3 in the LREE and a factor of 1.5 to 2 in the HREE) and the pronounced HREE depletion could be a consequence of differing degrees of partial melting of a common source in which garnet is a residual phase. Fractionation of a common parent magma cannot produce the observed major-and trace-element characteristics.
The abundances of the other LIL elements (K, Cs, Ba, Pb, Th, U, Zr, Hf, Nb, etc.; Table 3 ) in tholeiite Sample 430A-6-4, 140-150 cm are lower by factors of 3 to 4 than in the alkaline basalts at Ojin Seamount, but are comparable to their abundances in the tholeiites from Mauna Loa and Kilauea volcanoes. Abundances and abundance ratios of LIL elements in the Ojin alkali series basalts are comparable to those observed in the alkali basalts from Kohala, Mauna Loa, and Haulalai volcanoes. Further, the Zr/Nb ratio for the Ojin basalts (average 9.5) is within the range of typical oceanic island values, and is at the low end of the range of MidAtlantic Ridge tholeiites (Erlank and Kable, 1976) .
Hole 432A: Nintoku Seamount The REE patterns for the three basalts analyzed are similar, and closely resemble those for the Hawaiian alkali series basalts (Kay and Gast, 1973; L. Haskin, personal communication) . These patterns (Figure 7 ) differ from those of the Ojin alkali basalts in that they are more linear, more depleted in the HREE, and have higher La/Sm ratios. Garnet may be a more important residual phase in the source region of the Nintoku basalts than in the source region of the Ojin alkali basalts.
In most aspects, the LIL element chemistryof these basalts is similar to that of alkali basalt from Ojin Seamount; but the Zr/Nb ratio is distinctly lower in the Nintoku samples (average 5.2).
The LIL element chemistry of hypersthene-normative sample 432-2-1, 86-96 cm is indistinguishable from that of the nepheline-normative basalts from Nintoku (Figure 7 ; Table 3 ).
Site 433: Suiko Seamount The three Suiko samples for which trace elements were determined are alkali series basalts. Their REE patterns, characterized by flat LREE and depleted HREE, are most similar to the alkali basalts from Ojin; but the overall REE abundances are lower by a factor of 2 in the Suiko basalt ( Figure 8 , Table 2 ). In this respect, the Suiko samples are more comparable to the alkaline basalts from Hawaii, but with a slightly flatter LREE pattern. It is interesting that the Suiko alkali basalt REE patterns are identical to the average Kilauea summit tholeiite reported by Leeman et al. (1977) . The K/Ba and Zr/Nb ratios (Table 3) tion involving olivine is the dominant process controlling the chemical variations in Kilauea basalts, where it takes place in shallow magma chambers (see, for example, Wright et al., 1975) . Tholeiitic basalts from Suiko Seamount have the most pronounced olivine control (Figures 3a, 4a) . The more evolved of these samples have A1 2 O 3 abundances and Mg/(Mg + Fe2+) ratios (Figure 3 b) that fall within or near the compositional field for MORB glasses (Bence et al., 1979) . This suggests that in the later stages of fractionation the liquid compositions experienced olivine-plagioclase and olivine-plagioclase-clinopyroxene controls. The alkaline basalts from Ojin and Nintoku seamounts have A1 2 O 3 concentrations (Figure 3 a, 3 b) consistent with some plagioclase accumulation. This is supported by considerations of texture. Plagioclase accumulation may have occurred through flotation in shallow magma chambers, or it may be a consequence of flow differentiation. Slight but significant major-and trace-element differences between the sites cannot be due solely to the fractionation process. The most pronounced of these differences is in the alkali content (Table 1) . Ojin basalts have the highest total alkali content, and there is a general decrease in average K 2 O contents from Ojin (1.65 wt. %) to Nintoku (1.24 wt. %) to Suiko (0.80 wt. %). The Suiko alkali basalts are also characterized by higher CaO and "FeO" contents. These differences reflect either geochemically different sources or variable degrees of partial melting of a common source. Crystal fractionation at low or high pressure cannot explain these differences.
The REE and other LIL trace-element abundance distributions tend to support the hypothesis that fraction of melting and/or source-region heterogeneities are the dominant factors affecting the chemistry of the basalts from the three seamounts. The rare-earth distribution patterns suggest that garnet is an important residual phase in the source regions of both the alkalic and tho-leiitic basalts from the three seamounts. The differences in the REE patterns obtained at each seamount may be a consequence of slight variations in the fraction of melting, resulting in differing residual mineralogical proportions. If the alkali basalts at each seamount were generated by partial melting of a geochemically homogeneous source, the relative proportions of partial melting, as indicated by the LIL element abundances are Ojin < Nintoku < Suiko. The progressive decrease in LIL element abundances from Ojin to Nintoku to Suiko is in the opposite direction to what might be expected, if a common source region is evolving with time.
The tholeiitic and alkali series basalts recovered from Ojin, Nintoku, and Suiko seamounts are generally similar in major-and trace-element chemistry to the tholeiitic and alkaline basalts from the island of Hawaii. The tholeiitic and alkaline basalts at each locality are enriched in TiO 2 , "FeO", and alkalis, relative to midocean ridge tholeiites. At comparable Mg/(Mg + Fe 2+ ) ratios, the Hawaiian Island and Emperor Seamount tholeiites are depleted in A1 2 O 3 , relative to MORBs. These major-element differences appear to reflect major chemical differences between the source regions of MORBs and intraplate island and seamount tholeiites. Variations in the percentage of partial melting of a common source, differences in the partial melting mechanism, or variable degrees of fractionation of a common parental magma cannot account for the observed differences between MORBs and the members of the island/ seamount basalt series.
The lower A1 2 O 3 contents of the island and seamount tholeiites relative to MORBs may be a consequence of differing residual mineralogies. The retention of a small percentage of garnet (<10%) in the source regions of the island tholeiites can explain both their reduced A1 2 O 3 contents and their fractionated REE patterns. Garnet will be an important residual phase for relatively small degrees of partial melting (<IO to 15%) under conditions of high pressure (>25 kb). The higher LIL content of island tholeiites suggests that these basalts are derived from source regions relatively undepleted in these elements.
The trace-element data reported in this paper show no systematic differences from published data on basalts erupted on the island of Hawaii. If the basalts erupted along the Emperor-Hawaiian chain were generated at a single hot spot, geochemical evolution of the source with time has been insignificant. Alternatively, replenishment of the source from undepleted mantle may have occurred continually.
